Peach tree short life (PTSL) is a disease syndrome in the southeastern U.S. characterized by tree death from bacterial canker (Pseudomonas syringae pv. syringae). This bacterium produces a syringomycin toxin that kills plant tissue. Gene expression of this toxin is influenced by tissue nitrogen content. Previous studies reported that a high C/N ratio favored bacterial canker development in peach. Adjacent pairs of one non-diseased and one diseased peach tree with multiple replicates (10-16) per orchard on seven active PTSL sites in South Carolina were sampled in early April 2011, 2012 or 2013. Live, healthy cambial tissue was removed from scaffolds of both healthy (no active canker) trees and trees exhibiting bacterial canker symptoms. Percent carbon and nitrogen in the tissue were analyzed. Nitrogen content of healthy cambium in trees with bacterial canker symptoms was significantly higher for the majority of the orchards. C/N ratios were significantly lower in the symptomatic trees. These results did not support previous research. Time of sampling, tissue type, or cultural practices may be the reason for the contrasting results.
INTRODUCTION
Bacterial canker (Pseudomonas syringae pv. syringae) is a key component of peach tree short life (PTSL), which is a complex disease syndrome occurring primarily in the southeastern USA. Most of the peach acreage in this region is susceptible to PTSL and is almost always associated with ring nematode [Mesocriconema xenoplax (Raski) Loof and de Grisse] feeding injury (Nyczepir et al., 1983) , which decreases nitrogen content in tree tissues. The mechanism of how the Pseudomonas bacterium infects and kills peach trees has been studied off and on for decades. One popular hypothesis is that increased nitrogen and a low carbon to nitrogen ratio (i.e., carbon/nutrient balance theory) in susceptible tissues are a deterrent to infection. Research by Cao et al. (2005) supported this theory using 1-and 2-year-old peach trees in California, and Sayler and Kirkpatrick (2003) reported a similar effect of increased nitrogen reducing bacterial canker in French prune.
Although this research appears promising in developing new cultural protocols to reduce bacterial canker infection, there has been limited research in the southeastern US where bacterial canker is more severe (often tree death) and ring nematode tolerant rootstocks are used instead of the highly susceptible Nemaguard. Additionally, French prunes cannot be grown here commercially due to canker. This study looked at nitrogen content in relation to carbon in bark tissues (initial infection sites) at the time bacterial canker symptoms (e.g., Spring) were first observed on peach trees. Furthermore, trees (orchards) selected were of the typical age (4-6 years) when PTSL occurs and included the 3 ring nematode tolerant rootstocks commonly used instead of Nemaguard.
MATERIALS AND METHODS
Bark samples of healthy and bacterial canker symptomatic peach trees (side by side trees were sampled) were collected from seven different commercial peach orchards in South Carolina, USA in April 2011 and 2012 and May 2013. At this time, symptomatic trees were showing typical bacterial canker symptoms, i.e., sudden collapse on new shoots and cambial discoloration and sour sap smell under the bark. For 2011, the orchards sampled were a 7-year-old 'Cary Mac'/Guardian ® (Johnston, SC), a 5-year-old 'Rich Lady'/Halford, (Johnston, SC), and a 4-year-old 'Redhaven'/Lovell (Turbeville, SC). For 2012, the orchards sampled were a 4-year-old 'O'Henry'/Lovell (Monetta, SC), a 4-year-old 'Scarletprince'/Guardian ® (Johnston, SC), and a 5-year-old ' August Lady'/Guardian ® (Johnston, SC). In 2013, a 5-year-old 'August Lady'/Guardian ® (Trenton, SC) was sampled.
Anywhere from 7 to 16 paired trees (bacterial canker symptomatic peach tree next to a healthy tree) from the 7 orchards were selected for sampling. Bark samples were collected with a knife from all scaffolds of selected trees (total of 6-10 g of fresh weight tree -1 ), approximately 1 m high, by taking several small pieces (±1 g of fresh weight each) of inner and outer bark together, and only on healthy tissue of scaffolds (i.e., no discolored or dead tissue was sampled). At the laboratory, bark samples were cut with scissors into small pieces (±0.5 cm 2 ) and dried in an oven (75±5°C) for four days, followed by grinding in a Wiley Mill (Thomas-Wiley intermediate mill, model 3383-L10) with a 20-screen mesh or a Model 6870 Freezer/Mill ® (SPEX SamplePrep, Metuchen, NJ) and then stored in plastic bags with silica gel at room temperature. Samples were subsequently analyzed for carbon and nitrogen with a CN analyzer (TruMac CN, LECO Corp., St. Joseph, MO), and ash content was determined with a thermogravimetric analyzer (TGA 701, LECO Corp., St. Joseph, MO).
Soil samples were collected with a sampling tube around each tree (6-8 probes tree -1 composited) at a 20-23 cm maximum depth. Each soil sample was put into a paper bag and immediately placed in a cooler for transportation to the laboratory, where they were stored at 4°C until processed. Samples were extracted from a 100 cm 3 soil subsample and processed by the sugar flotation and centrifugation technique (Jenkins, 1964) at the Clemson University Nematode Assay Laboratory.
Data were analyzed with Proc GLM (SAS, Cary, NC) and means separated by Duncan's multiple range test at P=0.05.
RESULTS AND DISCUSSION
The analyzed data are presented in Tables 1-4 . Percent nitrogen (%N) in bark tissue was significantly higher in diseased (i.e., bacterial canker) trees in 5 of the 7 orchards sampled (Tables 1, 2 and 4). Bark C/N ratios were significantly higher in healthy trees in 4 of the 5 orchards that had significant differences in nitrogen content. Ring nematode numbers were generally higher under PTSL (bacterial canker) affected trees, but they were not significantly different from healthy trees. Nematode populations were often higher than the 50 ring nematodes 100 cc -1 of soil that are considered the threshold for disease incidence and recommended treatment. (Table 4) . However, the same C/N trend was there, and the ring nematode numbers were extremely high indicating a high probablility of PTSL occurring. There were few differences in percent ash so no conclusions could be made from the data (Tables 1, 2 and 4) . The results suggested that trees that had a higher %N and lower C/N ratio were more likely to develop bacterial canker infection and extensive tree injury. This would be counterintuitive to the carbon/nutrient balance theory that states secondary plant compounds are related to the carbon/nitrogen ratio of a plant and thereful low N leads to slower growth and an accumulation of carbohydrates leading to a high C/N ratio. The excess carbohydrates are thought to be redirected to the synthesis of carbon-based compounds such as phenolics. These phenolics are postulated to play a role in predisposing plants to bacterial canker by affecting the expression of the syrB gene that codes for the phytotoxin syringomycin (Quigley and Gross, 1994) .
The work by Cao et al. (2005) supported this theory and demonstrated a high %N and low C/N ratio in peach bark was beneficial in reducing bacterial canker infection. Our results showed that under field conditions conducive to PTSL and bacterial canker (i.e., bearing trees, ring nematodes), higher N concentrations in the bark tissue prior to leafout were associated with more bacterial canker incidence. Therefore, our data did not support the hypothesis that higher N levels in peach trees in the dormant season reduced bacterial canker (Pseudomonas syringae pv. syringae), at least on PTSL sites.
CONCLUSIONS
Adjusting (increasing) rates of N fertilizer to reduce bacterial canker infection in peach trees may not be effective in the southeastern US and could even be counterproductive. Time of sampling, tissue type, tree age, or cultural practices may be the reason why our results indicated that higher bark tissue nitrogen in early spring was associated with more, not less, bacterial canker infections in contrast to what was previously reported for younger peach trees. Sampling before (i.e., winter) any symptoms of bacterial infection develop may be required to further understand these unexpected findings.
